morphine in the recovery unit, time to first postoperative analgesia (measured from time of arrival in the anaesthesia induction room), duration of recovery unit stay, procedure duration (time of arrival in the anaesthesia induction room until time of arrival in the recovery ward) and time to hospital discharge. We also examined the records for evidence of adverse reactions including postoperative nausea and vomiting requiring treatment, urinary retention, unplanned admission or readmission, and bleeding or swelling at the injection sites.
The blocks
CEA was administered using a 22 gauge intravenous cannula placed aseptically into the caudal canal with the patient in the left lateral position. Agents injected were 0.2% ropivacaine 1 ml/kg alone for the nine patients less than six months of age and 0.2% ropivacaine 1 ml/kg mixed with clonidine 1 µg/kg for patients six months and older.
DPNB-LM was administered by two aseptic injections either side of the midline, approximately midway between the symphysis pubis and the base of the penis using a 22 gauge short bevel needle (Plexufix B. Braun ® Medical Inc. Bethlehem, PA, USA). The needle was advanced until a single pop was detected, which was presumed to be Scarpa's fascia. Ropivacaine 0.2% was injected in the volumes recommended by Brown and colleagues 2 (1 to 2 ml for infants up to three years and then an additional ml for each three years up to a maximum of 5 to 6 ml), half either side of the midline. A small ventral bleb of local anaesthetic (0.2 to 0.5 ml) was also placed at the peno-scrotal junction to block the ventral strip that is innervated by the scrotal branch of the pudendal nerve in about 80% of males 3, 4 . DPNB-US was performed utilising the image generated by a 38 mm broadband linear array (13-6 MHz) transducer (Sonosite Micromaxx ® SonoSite, Inc. 21919 30th Drive SE Bothell, WA, USA) as previously described 1 . The ultrasound probe was placed to display an image in the sagittal plane along the shaft of the penis.
The penile shaft structures and pubic symphysis were identified and the needle advanced into the sub-pubic space under real-time ultrasound guidance. The sub-pubic space when viewed in the midline sagittal plane is a triangle defined inferiorly by deep penile fascia (Buck's) encasing the penile neurovascular bundle and the corpora cavernosa, superiorly by the pubic symphysis and anteriorly by the membranous layer of the superficial fascia (Scarpa's). Local anaesthetic was injected until the triangular subpubic space was filled, or up to a maximum dose equal to the volumes recommended for DPNB-LM 2 .
The paired neurovascular structures lie immediately deep to the deep fascia of the penis, on either side of the midline. The local anaesthetic spread is clearly visualised as a black hypoechoic triangular area filling the subpubic space adjacent to the deep fascia of the penis. We specifically aimed to avoid injecting below the deep fascia of the penis to minimise possible neurovascular injury or intravascular injection 5, 6 . Spread of local anaesthetic either side of the fundiform ligament was confirmed by rotating the ultrasound probe through 90° at the site of injection. If unilateral spread was observed, further local anaesthetic was injected under vision. In Figure 3 , local anaesthetic has not spread to both sides of the fundiform ligament. We anticipate that a unilateral injection of local anaesthetic may result in block failure. Similar to DPNB-LM, a small bleb of local anaesthetic is placed at the ventral peno-scrotal junction to block the scrotal branch of the pudendal nerve.
In Figure 4 , local anaesthetic has spread to both sides of the fundiform ligament.
STATISTICAL METHODS
Data on all outcomes were recorded on an Access™ Database (Microsoft Corporation 2003) and analysed using StatsDirect statistical software version 2.4.5 (StatsDirect Ltd). The three blocks were compared using analysis of variance to compare mean values (with Tukey correction for multiple analysis where appropriate) and chi-square analysis for event-based outcomes.
RESULTS
A total of 216 circumcisions were performed on patients aged from five months to 15 years. Of these, 115 patients received CEA, 46 DPNB-LM and 55 DPNB-US. Patients who had CEA were significantly younger and consequently weighed less on average than those who received DPNB. There were no significant differences between groups with respect to premedication with paracetamol or midazolam ( Table 1) .
Intraoperative opioid was administered to 63% (29/46) of patients in the DPNB-LM group, 1.7% (2/115) of the CEA group and 5.5% (3/55) of the DPNB-US group (P <0.0001). Patients in the DPNB-LM group received rescue morphine administration in the recovery unit more frequently (30.4%, 14/46) than either the DPNB-US (3.5%, 2/55) or CEA groups (3.6%, 4/115). Similarly, the DPNB-LM group received a larger total dose of morphine and had longer recovery ward stays than the CEA or DPNB-US groups ( Table 2) .
Time to first analgesia was greatest for the CEA group, while there was no significant difference between time to first analgesia for the DPNB-LM and DPNB-US groups. There was no difference in time to hospital discharge. There were no documented episodes of bleeding or swelling at the injection site or acute urinary retention. There were six unplanned admissions; one from the DPNB-LM group because of pain and excessive sedation, one from the CEA group because of pain and the remaining four for social reasons such as difficulty with transport. There was no significant difference between groups for antiemetic administration and there were no readmissions following discharge.
DISCUSSION
This audit has a number of limitations as a consequence of a retrospective design and the inclusion of patients treated by only a single anaesthetist and surgeon. There are several factors that might bias our results and the findings should be interpreted with caution. Outcome factors could not be determined prior to the audit commencement and importantly, we did not record the individual factors that may have determined the choice of technique for any particular individual. For example, CEA may have been used preferentially for those where DPNB was expected to be difficult. The use of opioid consumption and dose timing as an indicator of efficacy of the local anaesthesia techniques rather than pain or satisfaction scores further reduces the certainty of our conclusions. As the experience of a single anaesthetist and surgeon, this study should be interpreted as reflecting the individual expertise in these techniques as they have developed over time.
This study does suggest, at least in the hands of our team, that DPNB-LM is a less effective form of analgesia for male circumcision than either DPNB-US or CEA. Fewer of the patients who received either DPNB-US or CEA required opioid administration during surgery. In the CEA and DPNB-US groups the intra-operative opioid was exclusively fentanyl. In the DPNB-LM group, fentanyl was used in 24 cases and morphine in the remaining five. There were no reasons given in the records as to why morphine was used in preference to fentanyl in these cases. Fewer of the patients who received DPNB-US or CEA required morphine administration postoperatively, and the average total dose of morphine used was lower. In our recovery ward, morphine is administered using a standardised 'pain protocol' of 10 µg/kg intravenous boluses by the nursing staff every five minutes until the patient is assessed to be comfortable, based on crying in younger children and complaint of pain in older children. We were unable to collect specific data on the indications for morphine use in recovery in individual cases because of absence of documentation. One patient in the DPNB-LM group was administered fentanyl postoperatively.
Patients in the DPNB-LM group also stayed longer in the recovery unit before discharge to the general ward. There was, however, no difference in time to hospital discharge between groups, which probably reflects the mandatory minimum discharge time of four hours in our hospital. There were no statistically significant advantages of any particular technique with regard to side-effects, although it is notable that none of the patients from the DPNB-US group required antiemetic administration. Various regional anaesthetic techniques have been used for circumcision including CEA 7-9 , DPNB, topical eutectic local anaesthetic mixture 10 , ring block 11 and intravenous regional anaesthesia 12 . Prospective studies of DPNB-LM report failure rates of between three and 10% based on need for rescue analgesia and pain scores 13, 14 . In our study, 30% of DPNB-LM required morphine in the recovery ward. This high failure rate is most likely caused by our teaching hospital environment where many of the blocks were performed by junior trainees under supervision. Adequately supervising a trainee to place a DPNB-LM correctly is difficult, as a successful block depends upon detection of a pop as the needle passes through Scarpa's fascia. Ultrasound imaging facilitates education and supervision of trainees as the tissue planes are clearly visible, the position of the needle tip is easy to infer by tissue movement and the appearance of local anaesthetic as a hypoechoic triangle. This is likely to have contributed to the high success rate of DPNB-US in this study. As this is a retrospective study, we only have access to data that is routinely collected. Consequently we have used morphine administration as a surrogate marker of pain as there were no pain scores available. Pain scores may be a more reliable quantitative measure of pain in older children. Lack of pain scores makes it difficult to compare failure rates in our audit to those in prospective studies where success or failure has been based on pain scores.
Studies have demonstrated the safety of CEA in children 7, 8 . It is a reliable technique for postoperative analgesia in patients undergoing surgery below the umbilicus. In a retrospective study of 750 caudal blocks in children, Dalens and Hasnaoui noted a failure rate of only 1% in children less than seven years, compared with a 14.5% failure rate in older children 7 . Consequently CEA is less popular in older children, which was reflected in our study.
DPNB is a well-established regional anaesthetic technique for male circumcision and is rarely associated with serious adverse events 5, 6 . The landmark-based technique was first described by Bateman in 1972 15 . The most common adverse events are block failure and minor bruising and bleeding at the site of injection 16 . DPNB-US is a relatively new technique first published in 2007 1 . Ultrasound guidance allows accurate identification of target tissue planes and adjacent structures to be avoided, and enables the spread of local anaesthetic to be monitored in real time during the injection. Ultrasound-guided regional anaesthesia has been shown to have advantages over the traditional nerve localisation techniques based on nerve stimlocation and landmarks. Advantages include higher block success rate [17] [18] [19] , shorter block onset time 17, 19, 20 , lower total dose of local anaesthetic 17, 20 , assessment of local anaesthetic spread 17 and reduced complication rate 17, 20 . Ultrasound imaging during DPNB allows the needle to be accurately placed into the subpubic space while avoiding the structures of the penis. A successful block will be achieved when local anaesthetic is deposited against the deep fascia of the penis (Buck's Fascia) ( Figure 2 ) on either side of the midline (Figure 4 ). Potential adverse effects caused by inadvertent injections into the corpora cavernosa, urethra or directly into the neurovascular bundle can be avoided, along with local anaesthetic wastage.
One criticism of ultrasound-guided nerve blocks is that valuable operating theatre time may be wasted by a perceived increased time taken to perform each block. Our study refutes this criticism as there was no clinically or statistically significant difference in procedure duration between groups. On the other hand, patients in the DPNB-LM group had prolonged recovery unit stay time compared with the DPNB-US and CEA groups, most likely because of greater analgesic requirements.
CONCLUSION
DPNB-US is a simple and effective technique for providing postoperative analgesia for male circumcision. In our audit, DPNB-US was more effective than DPNB-LM and as effective as CEA when opioid consumption was used as a surrogate measure for block efficacy in preventing postoperative pain. CEA is a more invasive procedure, less suitable for older patients and requires repositioning of the patient.
